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[Abstract]

The effect of carbon content in iron on the stability of y” and € phases in the Lehrer diagram was investigated by
the thermodynamic equilibrium calculation using CALPHAD method. The low alloy steels with different carbon
content of 0.1 mass%, 0.45 mass% and 1.0 mass% were adopted for gas nitriding, and their nitrided phases were
identified. The &- phase is stabilized at lower nitriding temperature and with lower nitriding potential as the in-
crease of the carbon content, while the y’-phase is unstabilized there. The phases in the gas nitride layer of the
steels showed a good agreement with the calculation result of 0.1%C containing steel. Decarburization during the

nitriding may be responsible for the insensitive with carbon content of the steels.
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Table 1 The chemical compositions of test steels (mass%).

Steels C Si Mn P S Ni
S10C 0.09 0.22 0.6 0.022 | 0.002 | 0.10
S45C 0.45 0.21 0.6 0.020 | 0.002 | 0.10
Fe-1.0%C | 0.99 0.19 0.6 0.021 | 0.002 | 0.11

Table 2 Conditions for gas nitriding.

Temperature [C] | Time [ks] | Nitriding Potential [atm "?]
550 72 0.09 0.3 1.0 2.4
500 72 0.15 0.5 1.7 4.0
450 144 0.27 0.9 3.1 7.2
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Fig.1 Lehrer diagram drawn by CALPHAD method with
the database of PanFe8 for iron. Open plots indicate
the conditions of gas nitriding in Table 2.
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Fig. 2 Lehrer diagrams of Fe-C binary alloy : (a) 0.1 mass%C, (b) 0.45 mass%C, (c) 1.0 mass%C.
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Fig.3 A part of the Lehrer diagram of Fe-C (=0.1 mass%C, 0.45 mass%C, 1.0 mass%C) binary alloy calculated by CALPHAD
method using the database of PanFe8, describing the phase equilibrium boundary : (a) ocand y’, (b) ¥ and € in iron.

TN Ky A EEHEE TTIFS N2 WEEIE, Hy & Ny 2©
3 1EGDREH A Z NI —EFiE TH L %2755 MLH %
1To72,
2.4 XEEFAE B L ORFEMSEBGEE

HABACILEL S N3 BR T ORI 12D W T, R X AR
Prdk @ ((#R) ) # 7 % SmartLab, Co #f &M%, 45kV-60
mA) % 728 g K G XYY 12 X 2 [ g 20 O
WEZITo 720 XBASAIZ1°THY, XBRAFES t13,
E A FEE 99% (Kx=4.61), X ASM%E B T2
a-Fe, v #, e HOBTINRE p em™ % ZN 2, 415.7,
3584, 339.9 L LT K (5)"MEMVTHET S L,
#71.0 (0-Fe) um &4y 1.2 um (y' #H, e M) L% %, L72h%5
T, RWETIEH 1.0 ~ 1.2 um OFE S FHIE % AT L 72565 2
MESND LHEESN D,

K, sinf
T

X A7 72,
PRI X 0 B
BHEITo 72

¢ (5)

B P 922 mm -1 LB O HET I & Saer
gL, BRI S ez o

3. BRBLUEE

3.1 &40 Lehrer FEHEER

Fig. 2 12 Fe-C ~t R & 4285 1) % Lehrer XD 55045 F
%IRRT Fe-C-N =02 D6, #Ekd Lehrer X2 1XIHH AN
Ty fHE e HOZAHIAE L, y” HAHISIE Fe-0.1 mass%C
DHHI, Fe-0.45 mass%, 1.0 mass%C TlxHN v, £
7z, o BABUIIE L T A v 5 A4+ (9) HE DML

P 26 4F 12 H

(315)

&60
WIZ, y M & e HOMLEMEIIH T B IRFEDZE L ERN

RS 2720, MERICBIUT S y Ml afll, y HE eD
AHIE T EE 2 35Kk L C Fig. 3 127”7 F Fig. 3 1I27R L 72 Fe-C
TIAEEOBTIE, Fig. 2 OEIERED S o DN LTI
HOBEREE Fig. 3 (a) 12, e MPBNLHIHZOBER
WA Fig. 3 (b) IR L7 B, HAZLAEOR T
H % 450C ~ 550TC % #IN L TR L 720 v/ tHOFHZR L,
Fe-0.1 mass%C I2B Wi, [—imE 281 5 HlgkoRs R
EHARTy R R Ky I et (Fig. 8 (). L

2L, 213 500C OMBEFALE TSRO 2 NI HAT,
0.02 atm V2 RREO/NSIVOARTH Y, FOHEILIEEI/N

2\, Fe-0.45 mass%C & Fe-1.0 mass%C |22\ TlX, ¢’
HBAIHNT, y+e D 2k E D720 y H~NOLEEE
BEEHETE 20D, aHOERKIKIL Fe-0.1 mass%C & [A
FEIE Ky INTA o T b, —F, SRyl (y +e 248
L e OB Tid e tHA IR Fm OB & 12 KR I
Ry HINJER L CTH Y, #2132 500T TOMEZ AL iE DR B
B CTHhDLE, Fe-0.1mass%C T3 —0.1atm V2 &4 7%\
b @ @, Fe-0.45mass%C T 13 #—0.7atm V%, Fe-1.0
mass% Tl3f) — 1.8 atm 2 TH 5,

DiEE D, F—E COMBORR L T, WIhoR
mE e b y e e HOMB R 2 Ky WIANEE S, ¢ M
A Ky WS IR R L C2EIb L T 20 Duid ik FKif &
BN AE S KR - AR Ry fll~o e tHZE/L 25 L TB D,
KIFZEDOFHHRAEROMAIL I N L 12T —8T %,

BULEL 54 %5 6 77



Table 3 Phase analyses for the specimen surfaces of S10C, S45C and Fe-1.0 mass%C as gas nitrided. Hatched columns are highlighted

mismatches of stable phases between XRD analyses and CALPHAD calculations.

Nitridi
Pltn tl.ngl 0.27 [atm ?] 0.9 [atm 2] 3.1 [atm 2] 7.2 [atm %]
otentia
Steels S10C | S45C | Fe-1.0%C | S10C | S45C | Fe-1.0%C | S10C | S45C | Fe-1.0%C | S10C | S45C | Fe-1.0%C
450C X-ra
diffract};on o o o y(+o) |y (+a)| v (+a) y'+e | vy +e y +e £ £ £
Calcula- , , , i ,
G a+6 a+6 a+o Y Y +e Yy +e Yy +e | vy te £ £ £ €
101N
Nitridi
Plt“ :,n’i 0.15 [atm "] 0.5 [atm "] 1.7 [atm 2] 4.0 [atm™ "]
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Steels S10C | S45C | Fe-1.0%C | S10C | S45C | Fe-1.0%C | S10C | S45C | Fe-1.0%C | S10C | S45C | Fe-1.0%C
500C | X-ray
diffraction | © o o y(+a) |y (+a)| y(+a) | y'+e | y'+e y' +e e £ £
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Fig.4 Microstructures near the surface of gas-nitrided S10C steel in the cross section. CLT stands for com-

pound layer thickness.
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Fig.5 Microstructures near the surface of gas-nitrided S45C and Fe-1.0 mass%C steels at 773 K for 72 ks un-

der Kx=0.5 and 2.4, respectively.
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Fig. 6 Carbon concentration profiles for S10C and Fe-1.0%C
steels gas-nitrided at 773 K for 72 ks under Ky =0.5.
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